Abstract
The oxygen uptake ( 
Introduction
The pacing strategies employed in the 800 m track event in international competitions demonstrate that a relatively fast start over the initial 200 m is the preferred strategy.
Performances within two percent of the world record time are run with a first 200 m at 107.4%, the middle 400 m at 98.3%, and the last 200 m at 97.5% of the average speed sustained over the entire 800 m (IAAF personal communication). However, due to the limited data available on the pacing strategies used in middle-distance running, and the physiological responses to such strategies, the values ascribed to the parameters in the models of middle-distance running performance (e.g., 3) are typically based on data determined from constant speed running on a treadmill. Such constant speed running protocols are normally administered as a 'square wave', where the subject is lowered onto a treadmill belt that is moving at the desired speed. As well as not reflecting competitive race strategies, a square wave type protocol also fails to account for the initial acceleration phase at the start of an 800 m run, and its potential impact on physiological responses.
Whilst not specifically concerned with 800 m running, two previous studies have examined the influence of differing pacing strategies in middle-distance running (1; 11). During a ~200 s run, Léger and Ferguson (11) found the %  VO 2max attained for the slow start strategy (90%) was slightly higher than that attained using the fast start strategy (88% In the studies that have investigated pacing strategies (1; 11) during short duration (i.e., < 240 s) running, there has been no clear rationale for the strategies adopted, since they did not reflect those used in competitive events. To date, no study has investigated the 
Methods

Subjects
Eight male middle-distance runners (age 25.8 ± 3.3 yr; height 1.78 ± 0.10 m; mass 67.8 ± 4.7 kg) volunteered to participate. These runners had a personal best time of 112.0 ± 3.3 s for the 800 m, which is within 11% of the World Record (101.11 s). All were well habituated with laboratory procedures in general and with motorised treadmill running in particular. Prior to participation, all subjects completed a health screening procedure and were fully informed of the nature of the study. Subjects then provided written consent to participate. All procedures were approved by the University of Gloucestershire Research Ethics Committee.
Preliminary tests
All subjects initially completed two familiarisation runs; a speed ramped progressive test O V  at which the gas exchange threshold occurred was determined by means of the v-slope method (2) for each subject, and used to determine a warm up intensity 10% below the gas exchange threshold. The 800 m pace run allowed the subjects to become familiar with the acceleration phase and the starting procedure for this run.
The speed for the 800 m pace run was determined from each subject's seasonal best time for the 800 m event. The time to exhaustion for this run was then compared to the subject's seasonal best time. If the two times differed markedly, the speed was adjusted accordingly for all future tests.
To determine the acceleration at the start of an 800 m pace run, six of the subjects relationship between speed and distance during the starting acceleration phase appears to be approximately exponential and so was modelled as an exponential function, given by:
where V is speed in m.s -1 , s is the distance in m, A is the asymptote value, and τ is a rate constant. A group value (5.3 m) for τ was derived and applied to all subjects. The acceleration runs, therefore, consisted of an exponential acceleration phase over the first 25 m projecting to the constant speed, which was then sustained for the remainder of the run.
General procedures
Each subject completed one speed ramped progressive test (0.16 km.h -1 per 8 s) and three 800 m pace runs all on a level motorised treadmill. The preliminary tests described above were always completed first, but thereafter the eight subjects completed the four tests in a random order. Subjects completed their own sequence of tests at the same time of day. All tests were completed within 14 days, with at least 48 hours between successive test sessions.
The three 800 m pace runs included a constant speed (C run ) (100% throughout), acceleration (A run ) (acceleration to 100%), and race simulation (R run ) (acceleration to 107.5% followed by speed decline) run. With the exception of the acceleration phase, all runs were designed to elicit the same average speed based on the subjects' most recent best performance and adjusted following the preliminary test if necessary. Each of the tests (excluding the preliminary test) was preceded by a 5 min warm-up at 10% below the speed corresponding to the participant's gas exchange threshold to control for the effects of prior exercise on the determination of 
Protocols
For the constant speed 800 m pace run (C run ) the motorised treadmill was set at the required speed and the experimenter initiated a 10 s countdown when the subject was ready to start the test. The subject stood astride the motorised treadmill belt and at the start of the countdown used the support rails to suspend his body above the belt while he developed cadence in his legs. Measurements were initiated, when the subject released the support rails and started running on the treadmill belt.
The acceleration start 800 m pace run (A run ) consisted of an acceleration phase over the first 25 m projecting to the constant speed, which was then sustained for the remaining duration of the test. The nature of the acceleration phase was determined from preliminary testing (see Preliminary tests section). The acceleration profile was programmed for each subject via the computer interface to the motorised treadmill. The A run was conducted in a similar manner to to the C run except the subject started from walking. A walking start, as opposed to a standing one, was necessary for safety reasons. 
Data Acquisition
Oxygen uptake was determined every ~15 s during the ramp test and throughout the entire duration of the 800 m pace runs using a Douglas bag technique. A whole number of breaths was always collected, so the actual period was never greater than 20 or less than 10 s. A 30 s moving average was used to determine  VO 2max and the highest  VO 2 attained (i.e., 
Data Analysis
All data are presented as mean ± SD unless otherwise stated. Differences among the %  VO 2max attained in the three 800 m pace runs were evaluated using repeated measures ANOVA. The degrees of freedom were corrected for any violation of the sphericity assumption in line with the recommendations of Huynh and Feldt (9). That is, the HuynhFeldt correction was used when an estimate of the true value for ε [the average of the HuynhFeldt and the Greenhouse-Geisser ε] was > 0.75 and the Greenhouse-Geisser correction was used when this estimate was < 0.75. For our analysis the estimate of the true value for ε was 0.677, so we used the Greenhouse-Geisser correction. Trends were evaluated through analysis of orthogonal contrasts which were used to describe the influence of pacing on the %  VO 2max attained. All tests were analysed at an alpha level of 0.05. for the C run , A run and R run , respectively. These mean group data are shown in Figure   3 . The repeated measures ANOVA revealed a significant difference (p = 0.048), with analysis of orthogonal contrasts revealing a significant linear trend (p = 0.025) (the quadratic trend was not significant, p = 0.075), exposing that the %  VO 2max attained was highest for the R run , followed by the A run , followed by the C run .
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Discussion
The aim of the present study was to examine the influence of pacing strategy on the In contrast to studies examining constant speed (i.e., square wave) treadmill running (e.g., 4), the present study attempted to examine the influence of factors involved in actual race performance on the  VO 2 attained. However one such factors, namely warm-up intensity, has been controlled at a moderate intensity, whereas in practice part of the warm-up is likely to be of a higher intensity. The rationale for retaining a moderate intensity warm-up was to enable valid comparisons with previous studies that have almost exclusively conducted a moderate intensity warm-up (e.g., 4). The influence of a heavy intensity warm-up on the  VO 2 response to subsequent heavy intensity cycling has been shown to appreciably speed the primary response, but have no effect on the highest  VO 2 achieved (6 during treadmill middle-distance running, even when race conditions are simulated, still remain to be determined.
In conclusion, pacing strategy does influence the 
